Renin is the most important enzyme in the renin-angiotensin system. Our previous study led to the identification of soyasaponin I, the first renin inhibitor isolated from soybean. In the present study, the effects of saponins and sapogenols on human renin activities were investigated. Soyasaponins I and II, glycyrrhizin, monoglucuronyl glycyrrhetic acid (MGGA), chikusetsusaponin IV, and Kochia scoparia fruit saponins (momordins) were found to inhibit renin activity. On the other hand, sapogenols (soyasapogenol B and glycyrrhetic acid), saikosaponins b2 and c, and ginsenoside Rb 1 had no effect on renin activity. These results clearly indicate that the 3-O-β-dglucopyranosiduronic moiety in saponins (glucuronide saponin) is essential for renin inhibition.
Renin is the rate-limiting component in the reninangiotensin system (RAS) (4, 5, 8) . The enzyme catalyzes the liberation of angiotensin I from plasma substrate angiotensinogen. Angiotensin I is an inactive peptide activated by angiotensin converting enzyme to produce the active hormone, angiotensin II. Angiotensin II ultimately integrates cardiovascular and renal functions in the control of blood pressure as well as salt and volume homeostasis. For the control of RAS, angiotensin converting enzyme inhibitors from various foodstuffs have been reported (3, 16, 17) . Moreover, the structure and function of endogenous renin inhibitor, namely, renin binding protein, have been extensively studied (6, 11, 13, 14) . Although renin is the most important enzyme in RAS, screening for renin inhibitors in foodstuffs has not been carried out because of the need to prepare human renin and the complexity of renin assays. Recently, we developed a method of rapid purification of recombinant human (rh) renin expressed in a baculovirus-insect cell system (1, 2, 9) . Using rh-renin as a target enzyme we screened various foodstuffs and found that fermented soybean paste (miso) exhibits renin inhibitory activity originating from soybean (15) . Moreover, minor legumes (legumes except soybean and peanuts) also exhibit renin inhibitory activity and can be divided into two groups: high-renin-inhibitory and low-renin-inhibitory groups (10) . The high-renin-inhibitory legumes have nearly the same renin inhibitory activity as soybean. More recently, we isolated a renin inhibitor from soybean and determined its chemical structure as soyasaponin I (12) . In the present study we investigated the effects of various saponins and sapogenols on human renin activity to elucidate the structure-function relationship of saponins. Soybean constituents: soyasaponins I (1, in Fig. 1 (6) human renin, N-methylanthranyl-Ile-His-Pro-PheHis-Leu*Val-Ile-Thr-His-Lys-2,4 dinitrophenyl-dArg-d-Arg-NH 2 (*, scissile peptide bond) and a reference compound were synthesized at the Peptide Institute (Osaka, Japan). Hydrolysis of the IQF substrate by rh-renin at the Leu-Val bond was spectrophotometrically determined. The reaction mixture contained 39 μL of 50 mM sodium phosphate buffer, pH 6.5, 0.1 M NaCl, 0.02% NaN 3 , 0.02% Tween 20, 1 μL of 1 mM IQF substrate solution in DMSO, 5 μL of rh-renin solution, and 5 μL of inhibitor solution in a total volume of 50 μL. The reaction mixture was incubated at 37°C for 30 min and the reaction was terminated by adding 0.2 mL of 0.1 M triethanolamine, pH 9.5. The increase in fluorescence intensity was measured at an emission wavelength of 440 nm upon excitation at 340 nm. One unit of enzyme activity was defined as the amount of enzyme that produced 1 μmole of reference compound per min.
(Lot No. P4) was obtained from Matsuura Yakugyo Co., Ltd. (Nagoya, Japan) and saikosaponin c (7) (Lot No. CEM037) was obtained from Wako Pure Chemical Industries Ltd. (Osaka, Japan) (Fig. 2) . Licorice root constituents: glycyrrhizin (8) (Lot No. P4) was obtained from Matsuura Yakugyo Co., Ltd. (Nagoya, Japan), 3-O-β-d-glucuropyranosyl glycyrrhetic acid (monoglucuronyl glycyrrhetic acid: MGGA) (9) was obtained from Maruzen Pharmacy Co., Ltd. (Hiroshima, Japan) (7), and glycyrrhetinic acid (10) (Lot No. 0001) was obtained from Nagara Sciences Co., Ltd. (Gifu, Japan) (Fig. 2) . Kochia scoparia fruit constituents: momordin Ic (11), momordin IIc (12), 2'-O-β-d-glucopyranosyl momordin Ic (13), and 2'-O-β-d-glucopyranosyl momordin IIc (14) were prepared by previously reported methods (Fig. 3) (18, 19) . The rh-renin expressed in Sf-9 cells was prepared by the method of Takahashi et al. (12) . The internally quenched fluorogenic (IQF) substrate for sults indicate that glycosyl residue(s) including a glucuronic acid residue at the first inner position of the 3β-hydroxyl sugar chain (this type of saponin is usually called "glucuronide saponin") are needed for the renin inhibitory activity of saponins and that the length of the sugar chain at the 3β-hydroxyl position is not important for renin inhibition. Table 1 shows a summary of the renin inhibition by various saponins. As already pointed out, compounds 1, 2, 8, and 9 showed high-renin-inhibitory activity. Moreover, Kochia scoparia fruit saponins 11 to 14 also showed renin inhibitory activity with IC 50 values of 19.4-46.8 μM. Chikusetsusaponin IV (4) showed low-renin-inhibitory activity with an IC 50 value of 77.4 μM. These saponins have glucuronide residues in the first sugar chain at the 3β-hydroxy position. On the other hand, ginsenoside Rb 1 (5), saikosaponin b2 (6), saikosaponin c (7), and sapogenol compounds [soyasapogenol B (3) and glycyrrhetic acid (10)] had no effect on human renin activity. Compounds 5, 6, and 7 have a glucose or fructose residue at the 3β-hydroxyl sugar chain's The sample concentration required to inhibit 50% of renin activity under the assay conditions was taken as the IC 50 value. Figs. 1 to 3 show the chemical structures of the saponins and sapogenols used in this study. Among them, saponins 1, 2, 7, 13, and 14 contain three sugar units attached at the 3β-hydroxyl position. Saponins 4, 5, 6, 8, 11 , and 12 contain two sugar units at the same position. Only compound 9 (MGGA) contains one sugar unit attached at the same position. Soyasapogenol B (3) and glycyrrhetic acid (10) are sapogenols that have no sugar unit attached at the 3β-hydroxyl position. We tested the renin inhibitory activity of these saponin-related compounds using rh-renin as the target enzyme and IQF substrate. The effects of soyasaponin I (1), soyasaponin II (2), glycyrrhizin (8) , MGGA (9) , and soyasapogenol B (3) on rh-renin are shown in Fig. 4. Saponins 1, 2,  8 , and 9 inhibited renin activity in a dose-dependent manner with IC 50 values of 30.3-57.1 μM. On the other hand, soyasapogenol B (3) as the sapogenol compound had no effect on renin activity. These re- 
inhibition.
Our previous study showed that repeated oral administration of soyasaponin I on SHRs lowered first inner position. These results clearly indicate that glucuronic acid residues at the 3β-hydroxyl sugar chain's first inner position are essential for renin (14) 38.4 systolic blood pressure. The administration of soyasaponin I suppresses blood pressure elevation in SHR through renin inhibitory activity (12) . Other saponins that have glucuronide residues in the first sugar chain at the 3β-hydroxy position may also be effective for lowering blood pressure in SHR. The renin inhibitory saponins used in this study are derived from soybean and plants. These saponin constituents may be applicable for the development of antihypertensive functional foods.
In conclusion, the results of this study demonstrated that glucuronide saponins are renin inhibitory saponins. A glucuronic acid residue at the first inner position of the 3β-hydroxyl sugar chain is essential for the renin inhibitory activity of saponins.
